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DESCRIPTION 



HIGH TOUGHNESS DIE-CAST PRODUCT 



FIELD OF THE INVENTION 

The present invention relates to a high toughness die-cast product. 
BACKGROUND ART 

With regard to a casting material for a thin and large die-cast product 
that is required to have high toughness, such as, for example, an automobile 
door panel, an Al-Mg alloy having excellent toughness is known. In this case, in 
order to make crystal grains finer and improve the toughness, the use of an Al- 
Mg alloy to which at least one of Ti and Zr has been added is known. 

When casting a thin and large die-cast product, from the viewpoint of 
maintaining the flowability of the melt, it is desirable for the pouring temperature 
(liquidus temperature + superheat temperature) to be high, but in the case of an 
Al-Mg alloy composition melt, when a high pouring temperature is set, there are 
the problems that the concentration of Mg in the melt greatly decreases due to 
oxidation of Mg, etc., and soldering of the melt to a die easily occurs. Because 
of this, the pouring temperature T is set at, for example, 720°C <; T <; 730°C. 

In order to make the crystal grains finer by the addition of Ti and Zr, 
adding large amounts thereof is effective, but if the amounts are increased with 
no clear purpose, Ti, etc. becomes saturated at the above-mentioned pouring 
temperature, thus causing the deposition of crystals such as AI 3 Ti or AI 3 Zr. 

When increasing the toughness of a die-cast product, there is a limit to 
the toughness that can be achieved merely by selecting the casting material, 
and it is impossible to obtain a toughness-improving effect that exceeds this 
limit. 
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DISCLOSURE OF INVENTION 

It is an object of the present invention to provide a die-cast product 
having yet further improved toughness, in particular by the use of an Al-Mg 
casting alloy having a specified sum (Ti + Zr) of amounts of Ti and Zr added 
and a specified ratio (Ti/Zr) of the amounts of Ti and Zr added. 

In order to attain this object, in accordance with the present invention, 
there is provided a high toughness die-cast product formed from an Al-Mg 
casting alloy having 3.5 wt % <; Mg <; 4.5 wt %, 0.8 wt % <> Mn ^ 1 .5 wt %, Si < 
0.5 wt %, Fe < 0.5 wt %, a sum (Ti + Zr) of amounts of Ti and Zr added of equal 
to or greater than 0.3 wt %, and a ratio (Ti/Zr) of the amounts of Ti and Zr 
added of at least 0.3 but not more than 2, with the balance being Al. 

When the sum (Ti + Zr) of the amounts of Ti and Zr added and the ratio 
(Ti/Zr) of the amounts of Ti and Zr added are specified as described above, it is 
possible to increase the toughness of the Al-Mg alloy, and thus the die-cast 
product, by making the total amount of Ti and Zr contribute to the formation of 
fine crystals at the above-mentioned pouring temperature, and it is also 
possible to avoid problems such as the deposition of crystals. 

The reasons for adding each chemical component and for limiting the 
amount thereof added are as follows. 

Mg: Mg contributes to an improvement in the strength and toughness of 
a die-cast product. When Mg < 3.5 wt %, the flowability of the melt is 
degraded, and when Mg > 4.5 wt %, the toughness of the die-cast product is 
degraded; furthermore, an Al-Mg eutectic intermetallic compound segregates in 
areas where solidification is delayed, thus causing casting cracks. 

Mn: The Fe content of this alloy is set low in order to ensure the 
toughness of the die-cast product, and since it has a relatively high melting 
point soldering to a die easily occurs. Mn contributes to an improvement in the 
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soldering resistance and is indispensable for high speed filling casting of a thin 
and large die-cast product. Mn also improves the strength. When Mn < 0.8 
wt %, the soldering resistance of the alloy is degraded, and when Mn > 1.5 
wt %, although the strength of the die-cast product improves, the toughness is 
degraded, and the flowability of the melt also deteriorates. 

Si: Si contributes to an improvement in the strength of the die-cast 
product, but when Si 0.5 wt %, since the amount of an Mg 2 Si intermetallic 
compound increases, the toughness of the die-cast product is degraded. 

Fe: Fe contributes to an improvement in the strength of the die-cast 
product, but when Fe ;> 0.5 wt %, since Fe-based crystals are formed, the 
toughness of the die-cast product is degraded. 

Ti and Zr: Ti and Zr contribute to an improvement in the toughness, the 
prevention of casting cracks, and an improvement in the flowability of the melt 
by making the crystal grains of the die-cast product finer. When Ti + Zr < 0.3 
wt %, the effect of improving the toughness of the die-cast product is 
insufficient. When Ti/Zr < 0.3 or Ti/Zr > 2, the toughness of the die-cast product 
deteriorates. 

It is an object of the present invention to provide a thin die-cast product 
having high toughness achieved by the combined use of selection of a casting 
material and chilling by a die-casting method. 

In order to attain this object, in accordance with the present invention, 
there is provided a high toughness die-cast product in thin sheet form with a 
minimum thickness U of 1.2 mm <; U * 3 mm, the high toughness die-cast 
product being cast using an Al-Mg alloy by a die-casting method, having chill 
layers on opposite faces thereof, and having a proportion P of the sum of 
thicknesses t3 and U of the two chill layers relative to the minimum thickness ti 
set at 18% or greater, and the Al-Mg alloy having 3.5 wt % ^ Mg ^ 4.5 wt %, 0.8 
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wt % <: Mn <; 1 .5 wt %, Si < 0.5 wt %, Fe < 0.5 wt %, and 0.1 wt % <; at least one 
of Ti and Zr <; 0.3 wt % f with the balance being Al. 

In accordance with this arrangement, the thin die-cast product is formed 
from an Al-Mg alloy having good toughness, the cross-sectional structure 
thereof is a sandwich structure in which a relatively coarse metal structure as a 
main body is sandwiched between two chill layers having a relatively thick and 
compact metal structure with, moreover, a lot of the impurities in the melt being 
captured in the two chill layers, and it is therefore possible to increase the 
elongation 5 of the thin die-cast product having the thickness ti so that 6 ;> 15%, 
thereby achieving high toughness. When the proportion P is less than 18%, the 
elongation 6 is less than 15%. In order to increase the thickness of the chill 
layers, it is necessary to fill a low temperature die with the melt at high speed 
and increase the speed at which the surface of the die-cast product is cooled by 
die cooling, but if this technique is applied to a thin die-cast product it easily 
degrades the casting quality by causing, for example, misruns. In order to 
improve the elongation of the thin die-cast product without causing such a 
problem, the upper limit value for the proportion P is set at 60% to 70%. 

With regard to the Al-Mg alloy, the reasons for adding each chemical 
component and for limiting the amount thereof are as follows. 

Mg: Mg contributes to an improvement in the strength and toughness of 
a die-cast product. When Mg < 3.5 wt %, the flowability of the melt is 
degraded, and when Mg > 4.5 wt %, the toughness of the die-cast product is 
degraded; furthermore, an Al-Mg eutectic intermetallic compound segregates in 
areas where solidification is delayed, thus casting cracks. 

Mn: The Fe content of this alloy is set low in order to ensure the 
toughness of the die-cast product, and since it has a relatively high melting 
point soldering to a die easily occurs. Mn contributes to an improvement in the 
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soldering resistance and is indispensable for high speed filling casting of a thin 
and large die-cast product. Mn also improves the strength. When Mn < 0.8 
wt %, the soldering resistance of the alloy is degraded, and when Mn > 1.5 
wt %, although the strength of the die-cast product improves, the toughness is 
degraded, and the flowability of the melt also deteriorates. 

Si: Si contributes to an improvement in the strength of the die-cast 
product, but when Si ^ 0.5 wt %, since the proportion of an Mg 2 Si intermetallic 
compound increases, the toughness of the die-cast product is degraded. 

Fe: Fe contributes to an improvement in the strength of the die-cast 
product, but when Fe ^ 0.5 wt %, since Fe-based crystals are formed, the 
toughness of the die-cast product is degraded. 

Ti and Zr: Ti and Zr contribute to an improvement in the toughness, the 
prevention of casting cracks, and an improvement in the flowability of the melt 
by making the metal structure of the die-cast product finer. When at least one 
of Ti and Zr, that is, Ti and/or Zr, is less than 0.1 wt %, since the effect of 
making the metal structure finer is insufficient, the flowability of the melt 
deteriorates, and when Ti and/or Zr is greater than 0.3 wt %, the flowability of 
the melt is degraded due to the appearance of Ti-AI-based high temperature 
crystals. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a graph showing the relationship between Ti/Zr and elongation, 
FIG. 2 is a sectional view of an essential part of a thin die-cast product, FIG. 3 
is a graph showing the relationship between the elongation 5 and a proportion P 
with respect to the thickness of the two chill layers, and FIG. 4 is a graph 
showing the relationship between filling time and the elongation 5. 
BEST MODE FOR CARRYING OUT THE INVENTION 
[Embodiment I] 
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Table 1 shows the compositions of Examples 1 to 13 of Al-Mg casting 
alloys. In Examples 1 to 13, among the elements added, the amounts of Mg, 
Mn, Si, and Fe added were fixed, and the amounts of Ti and Zr added were 
changed. 
(Table 1] 



Al-Mg alloy 


Chemical component (wt % 




Mg 


Mn 


Si 


Fe 


Ti 


Zr 


Al 


Example 1 


4 


1 


0.2 


0.2 


0 


0 


balance 


Example 2 










0.033 


0.067 




Example 3 










0.05 


0.05 




Example 4 










0.066 


0.134 




Example 5 










0.1 


0.1 




Example 6 










0.05 


0.25 




Example 7 










0.075 


0.225 




Example 8 










0.1 


0.2 




Example 9 










0.15 


0.15 




Example 1 0 










0.2 


0.1 




Example 1 1 










0.225 


0.075 




Example 12 










0.165 


0.335 




Example 13 










0.25 


0.25 





Casting was carried out using melts having the compositions of 



Examples 1 to 13 by placing a die in a vacuum die-casting machine in which the 
conditions were: vacuum level within cavity: 6 kPa, die temperature: 200°C, 
ceramic heat-insulating sleeve temperature: 200°C, pouring temperature: 
720°C, low speed injection: 0.5 m/sec, and high speed injection: 3 m/sec 
(converted to gate speed: 40 m/sec), and thin and large die-cast products of 
Examples 1 to 13 having an overall thickness of 2 mm (this was also the 
minimum thickness), a length of about 300 mm, and a width of about 100 mm 
were produced. In this case, a maximum flow distance d of the melt within the 
die cavity was approximately 300 mm. These Examples 1 to 13 correspond to 
Examples 1 to 13 of the Al-Mg alloy. Test pieces were prepared using each of 
the die-cast products of Examples 1 to 13, and these test pieces were 
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subjected to measurement of a phase average particle size, elongation, and 
tensile strength. Table 2 shows the sum (Ti + Zr) of the amounts of Ti and Zr 
added, the ratio Ti/Zr of the amounts of Ti and Zr added, the a phase average 
particle size, the elongation, and the tensile strength of Examples 1 to 13. 
[Table 2] 



Die-cast 


Ti + Zr 


Ti/Zr 


a Phase average 


Elongation 


Tensile strength 


product 


(wt% ) 




particle size fc/m) 


(%) 


(MPa) 


Example 1 






19 


12 


255 


Example 2 


0.1 


0.5 


12 


16 


278 


Example 3 


0.1 


1 


13 


15 


279 


Example 4 


0.2 


0.5 


8 


19 


282 


Example 5 


0.2 


1 


10 


17 


281 


Example 6 


0.3 


0.2 


9 


16 


277 


Example 7 


0.3 


0.3 


5 


22 


284 


Example 8 


0.3 


0.5 


5 


24 


285 


Example 9 


0.3 


1 


7 


21 


283 


Example 1 0 


0.3 


2 


7 


20 


284 


Example 1 1 


0.3 


3 


11 


16 


280 


Example 1 2 


0.5 


0.5 


4 


26 


287 


Example 1 3 


0.5 


1 


6 


22 


285 



FIG. 1 is a graph, based on Table 2, of the relationship between Ti/Zr 



and elongation, separated according to differences in Ti + Zr. As is clear from 
FIG. 1, in the die-cast products, by specifying the amounts of Mg, Mn, Si, and 
Fe added and setting the sum (Ti + Zr) of the amounts of Ti and Zr added to 0.3 
wt % or greater and the ratio (Ti/Zr) of the amounts of Ti and Zr added to at 
least 0.3 but not more than 2, as in Examples 7 to 10, 12, and 13, it is possible 
to ensure high elongation, and thus excellent toughness. 

The pouring temperature T of the Al-Mg casting alloy is desirably 720°C 
* T <; 730°C, and the alloy is suitable as a casting material for a thin and large 
die-cast product having a minimum thickness ti of 1 .2 mm <; ti <; 3 mm and a 
maximum flow distance d of the melt within the die cavity of 200 mm or greater. 
[Embodiment II] 



In FIG. 2, a thin die-cast product 1 is a thin sheet having a minimum 
thickness ti of 1 .2 mm <; ti <; 3 mm (average thickness t 2 of 1 .5 mm <; t 2 * 2 
mm), and is cast using an Al-Mg alloy. The die-cast product 1 has a chill layer 
2 on each of opposite faces, and a proportion P of a sum s of thicknesses t 3 
and t4 of the two chill layers 2 relative to the minimum thickness t if that is, P = 
(s/ti) x 100 (%), is set at 18% or greater. The die-cast product 1 has a large 
size, such that the maximum flow distance d of the melt within the die cavity is 
200 mm or greater. 

In accordance with this arrangement, the thin die-cast product 1 is 
formed from an Al-Mg alloy having excellent toughness, the cross-sectional 
structure thereof is a sandwich structure in which a relatively coarse metal 
structure as a main body 3 is sandwiched between the two chill layers 2 having 
a relatively thick and compact metal structure and, moreover, a lot of the 
impurities in the melt are captured in the two chill layers 2; it is therefore 
possible to increase the elongation 5 of the thin die-cast product 1 having the 
thickness ti so that 5 * 15%, thereby enabling high toughness to be achieved. 

With regard to the Al-Mg alloy, one is used in which 3.5 wt % <; Mg <; 4.5 
wt %, 0.8 wt % <; Mn <; 1 .5 wt %, Si < 0.5 wt %, Fe < 0.5 wt %, and 0.1 wt % <; Ti 
and/or Zr <; 0.3 wt %, with the balance being Al. 

Although this Al-Mg alloy has excellent toughness, since its flowability is 
poor, it is not suitable for casting of the thin and large die-cast product 1. 
Therefore, when casting the thin and large die-cast product 1 using the Al-Mg 
alloy as a casting material, a vacuum die-casting method was employed, the 
temperatures of the die and the sleeve were set so as to be relatively high and, 
moreover, the time for filling the cavity with the melt was optimized. 

Specific examples are explained below. 
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As one example of the Al-Mg alloy, one having 4 wt % of Mg, 0.9 wt % of 
Mn, 0.2 wt % of Si, 0.2 wt % of Fe, and 0.2 wt % of Ti, with the balance being Al 
was selected. 

Casting was carried out using a melt having the above-mentioned alloy 
composition by placing a die in a vacuum die-casting machine in which the 
conditions were: vacuum level within cavity: 6 kPa, die temperature: in the 
range 150°C to 300°C, ceramic heat-insulating sleeve temperature: in the range 
150°C to 300°C (the same temperature as the die temperature), pouring 
temperature: 720°C, and low speed injection: 0.5 m/sec, while changing the 
time in which the cavity was filled with the melt by changing the high speed 
injection in the range of 2 to 6 m/sec (converted to gate speed: 30 to 70 m/sec), 
and a plurality of thin and large die-cast products having an overall thickness of 
1.5 mm (this was also the minimum thickness ti), and a maximum flow distance 
d of the melt within the die cavity of approximately 600 mm were produced. 
Test pieces were prepared using each of the die-cast products, and these test 
pieces were subjected to measurement of elongation 6 and the proportion P of 
the sum s of the thicknesses t3 and U of the two chill layers 2 relative to the 
thickness ti (1.5 mm). 

Table 3 shows the die temperature and the sleeve temperature, the 
filling time for the melt, the proportion P with respect to the thicknesses of the 
two chill layers, and the elongation 6 for each of the die-cast products 1 . 
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[Table 3] 



Die-cast 
product 


Die/sleeve 
temperature 

ro 


Filling time 
(ms) 


rTOportion K 
with rp<5nppt to 

Will I I gopUvl IU 

thicknesses of 
two chill layers 
<%) 


Elongation 6 
(%) 


Example 14 


150 


20 


- 


- 


Example 1 5 


150 


15 


12 


12 


Example 16 


150 


12 


16 


12 


Example 1 7 


150 


10 


25 


17 


Example 18 


150 


8.5 


39 


21 


Example 1 9 


200 


20 


8 


6 


Example 20 


200 


15 


16 


11 


Example 21 


200 


12 


18 


15 | 


Example 22 


200 


10 


48 


20 


Example 23 


200 


8. 5 


55 


22 


Example 24 


250 


20 


5 


11 


Example 25 


250 


15 


22 


19 


Example 26 j 


250 


12 


43 


18 


Example 27 


250 


10 


51 


19 


Example 28 


250 


8.5 






Example 29 


300 


20 


21 


17 


Example 30 


300 


15 


25 


18 


Example 31 


300 


12 


34 


20 


Example 32 


300 


10 






Example 33 


300 


8.5 







In Table 3, soldering to the die occurred in Examples 14, 28, 32, and 33 
of the die-cast products, and these products were therefore excluded from 
calculation of the proportion P and measurement of the elongation 5. 

FIG. 3 is a graph, based on Table 3, showing the relationship between 
the proportion P and the elongation 5 for Examples 15 to 27 and 29 to 31 . As is 
clear from Table 3 and FIG. 3, when the proportion P is set at 18% or greater, it 
is possible to ensure that the elongation 5 is 1 5% or greater and thus improve 
the toughness of the thin die-cast product. 

FIG. 4 is a graph, based on Table 3, showing the relationship between 
the filling time and the elongation 6 for each die temperature, etc. It can be 
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seen from FIG. 4 that in order to obtain a thin die-cast product having an 
elongation 8 of 15% or greater, the die temperature, etc. and the filling time 
should be selected appropriately. 
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